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THE FORMS OF SEEDLINGS: THE CAUSES 
TO WHICH THEY ARE DUE 1 

IR JOHN LUBBOCK commenced the lecture with some 
general remarks on the innumerable types of foliage among 
mature plants and the causes to which we might refer their 
various forms, the breadth of some and narrowness of others, 
the differences of position, the differences of length in conifers, 
&c. He said that these considerations had led him to study the 
cotyledon > or first leaves of seedlings. Cotyledons do not pre¬ 
sent such extreme differences as leaves; nevertheless, they 
afford a very wide range. Some are broad, some narrow, some 
are long, some short, some are stalked, some sessile, some lobed, 
some even bifid or trifid. At first sight these differences seem 
interminable, and it might appear hopeless to attempt to ex¬ 
plain them. Sir John Lubbock, however, pointed out, as re¬ 
gards many species, taking especially the commonest plants, 
such as the familiar mustard and cress, the beech, sycamore, 
pink, chick weed, &c., the conditions of their formation and 
growth, and it is beautiful to see the various reasons to which 
the differences are due, gradually unfolding themselves; the 
same result being sometimes brought about by very different 
circumstances—emargination of the cotyledons, for instance, 
being due to at least six different causes. He mentioned one 
curious peculiarity in the seedling of a species allied to our 
common mistletoe. It is a parasitic species, and its fruit, like 
that of the mistletoe, is somewhat viscid, so that it adheres to 
any plant on which it falls. But, even if it reaches the plant on 
which it grows, it may light on an unsuitable position—say, for 
instance, a leaf. What then happens ? The radicle elongates 
for about an inch, and then develops on its tip a flattened disk, 
which applies itself to the plant. If the situation be suitable, 
there it grows; if not, the radicle straightens itself, tears the 
berry from the spot where it is lying, curves itself, and then 
brings the berry down on to a new spot. The radicle then de¬ 
taches itself, curves in its turn, and thus finds a new point of 
attachment. We are assured that this has been seen to happen 
several times in succession, and that the young plant thus seems 
enabled to select a suitable situation. 

The form of the cotyledons, or seed-leaves, depends greatly 
on that of the seeds, long narrow seeds naturally, in most in¬ 
stances, producing embryos with narrow cotyledons. The cases, 
however, which can be so simply accounted for are compara¬ 
tively few. Many plants with narrow cotyledons have flattened 
and orbicular seeds. In such species, however, the cotyledons 
lie transversely to the seed. An interesting case is afforded by 
the pink family, where the pink itself has broad cotyledons, 
while the cbickweed has narrow ones. In both cases the seeds 
are flattened and orbicular, but in the pink the seed is dorsally 
compressed, and the cotyledons lie in the broad axis of the seed; 
while in the chickweed the seed is laterally flattened, and the 
cotyledons lie transversely to the seed. 

Another very interesting case which he gave is that of the 
genus Galium, to which the common i * cleavers ” of our hedges 
belongs. Here also we find some species with narrow, some 
with broad, cotyledons ; but the contrast seems to be due to a 
very different cause. Galium aparine has broad, Galium sac- 
char alum narrow, cotyledons. So far as the form of the seed 
is concerned, there is no reason why the cotyledons should not 
be much broader than they are. The explanation may perhaps 
be found in the structure of the pericarp, which is thick, tough, 
and corky. It is very impervious to water, and may be advan¬ 
tageous to the embryo by resisting the attacks of drought and of 
insects, and perhaps even, if the seed be swallowed by a bird, 
by protecting it from being digested. It does not split open, 
and is too tough to be torn by the embryo. The cotyledons, 
therefore, if they had widened as they might otherwise have 
done, would have found it impossible to emerge from the seed. 
They evade the difficulty, however, by remaining narrow. On 
the other hand, in Galium aparine the pericarp is much thinner, 
and the embryo is able to tear it open. In this case, therefore, 
the cotyledons can safely widen without endangering their exit 
from the seed. The thick corky covering of Galium sacchar - 
alum is, doubtless, much more impervious to water than the 
comparatively thin test of Galium aparine. The latter species 
is a native of our own isles, while Galium sacckaratum inhabits 
Algiers, the hotter parts of France, &c. May not then, perhaps, 
he suggested, the thick corky envelope be adapted to enable it 

1 Lecture at the Royal Institution, May 21, 1886, by Sir John Lubbock, 
Bart., M.P., D.C.L., LL.D. S F.R.S., M.R.I. 


to withstand the heat and drought. In this genus, as in many 
other plants, the embryo occupies only a part of the seed, being 
surrounded by a store of food or “ perisperm.” In many cases 
the embryo occupies the whole seed, and the cotyledons must, 
therefore, in large seeds, either be thrown into various folds, as 
in the beech, or be thick and fleshy, as in the bean or oak. The 
reasons for their numerous differences open up an inexhaustible 
variety of interesting questions. Sir John gave a great number 
of examples, which were rendered clearer by means of numerous 
diagrams of seeds and seedlings. 

In conclusion, he said it might be asked whether the embryo 
conformed to the seed, or the seed to the embryo, and showed 
that, at least as regards certain species, the former was the case ; 
while the shape of the seed, again, might be shown to be in¬ 
fluenced by considerations connected with the construction of 
the fruit. In reply to this he compared the seedlings of the 
sycamore and of the oak. In the sycamore, the seed is more or 
less an oblate spheroid, and the cotyledons, which are long and 
ribbon-like, being rolled up into a ball, fit it closely, the inner 
cotyledon being generally somewhat shorter than the others. 
On the other hand, the nuts of the beech are triangular. An 
arrangement like that of the sycamore would therefore be utterly 
un uitable, as it would necessarily leave great gaps. The 
cotyledons, however, are folded up somewhat like a fan, but 
with more complication, and in such a manner that they fit 
beautifully into the triangular nut. Can we, however, he said, 
carry the argument one stage further ? Why should the seed of 
the sycamore be globular, and that of the beech triangular ? Is 
it clear that the cotyledons are constituted so as to suit the 
seed ? May it not be that it is the seed which is adapted to the 
cotyledons ? In answer to this, we must examine the fruit, and 
we shall find that in both cases the cavity of the fruit is approxi¬ 
mately spherical. That of the sycamore, however, is compara¬ 
tively small, and contains one seed, which more or less exactly 
conforms to the cavity in which it lies. In the beech, on the 
contrary, the fruit is at least twice the diameter, and contains 
from two to four nuts, which consequently, in order to occupy the 
space, are compelled (to give a familiar illustration, like the pips of 
an orange) to take a more or less triangular form. Thus then, he 
said in conclusion, in these cases, starting with the form of the 
fruit, we see that it governs that of the seed, and that the seed 
again determines that of the cotyledons. But, though the 
cotyledons often follow the form of the seed, this is not inva¬ 
riably the case. Other circumstances, as I have attempted to 
show, must also be taken into consideration, and we can throw 
much light on the varied forms which seedlings assume. 

I fear you may consider that I have occupied your time by a 
multiplicity of details, and I wish I could hope to have made 
those little plants half as interesting to you as they have made 
themselves to me ; but, at any rate, I may plead that without 
minute, careful, and loving study, we cannot hope in science to 
arrive at a safe and satisfactory generalisation. 

The lecture was accompanied not only by numerous diagrams, 
but by specimens, kindly lent by the authorities of Kew, and by 
some practical illustrations. 


ON THE USE AND EQUIPMENT OF 
ENGINEERING LABORA TORIES 

A T the ordinary meeting of the Institution of Civil Engineers, 
-* r *~ on Tuesday, December 21, 1886, Mr. Edward Woods, 
President, in the chair, the paper read was on “The Use and 
Equipment of Engineering Laboratories,” by Prof. Alex. B. W. 
Kennedy, M.Inst.C.E. The author believed that it was 
essential for a young engineer to obtain his practical training, in 
the ordinary sense of the expression, in a workshop. But the 
practical training of a workshop was incomplete even on its own 
ground, and there appeared to be plenty of room for practical 
teaching such as might fairly fall within the scope of a scientific 
institution, and which should at the same time supplement and 
complete workshop experience without overlapping it. In an 
ordinary pupilage a young engineer did not have much oppor¬ 
tunity of studying such things as the physical properties of the 
iron and steel with which he had to deal, nor the strength 
of thoje materials, nor the efficiency of the machines he 
used, nor the relative economy of the different types of 
engines, nor the evaporative power of boilers. He required 
such experience as might help him to determine for him¬ 
self, or at least to see for himself how other people had 
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determined, all the principal engineering constants, from the 
tenacity of wrought-iron to the calorific value of coal, or 
the efficiency of a steam-engine, or the accuracy of an indi¬ 
cator-spring, or the discharge-coefficient of an orifice. He 
thought that this kind of practical experience could be gained 
best in an Engineering Laboratory, in connection with some 
institution where technical instruction was given. He claimed 
that, in the matter of engineering laboratories, as a branch of 
technical education, England had really taken the lead, instead 
of being, as was too often the case in such matters, in the rear. 

After distinguishing between laboratories whose chief function 
was original investigation or research, and those whose main 
object was the practical education of young engineers, and after 
giving an outline of the method of work which he had adopted, 
he went on to enumerate the principal subjects upon which 
experiments in an engineering laboratory might be carried out, 
summarising them thus :—(1) Elasticity and the strength of 
materials ; (2) the economy, efficiency, and general working of 
prime movers, and especially of the steam-engine and boiler ; 
(3) friction ; (4) the accuracy of the apparatus commonly used 
for experimentation, such as springs, indicators, dynamometers, 
gauges of various kinds, &c. ; (5) the discharge over weirs and 
through orifices, and hydraulic experiments in general; (6) the 
theory of structures ; (7) the form and efficiency of cutting- 
tools ; (8) the efficiency of machines, especially of machine- 
tools and of transmission-gearing ; (9) the action and efficiency 
of pumps and valves ; (10) the resistance of vessels and of pro¬ 
pellers, and experiments in general connected with both. The 
paper dealt mainly with the three first subjects, the others 
receiving brief mention only. 

In discussing the best form of testing-machine for laboratory 
purposes the author described specially the Werder machine, 
used by Bauschinger and largely elsewhere in engineering 
laboratories on the Continent, the vertical machine of Mr. J. H. 
Wicksteed, and the horizontal machine of Messrs. Greenwood 
and Batley, on Mr. Kirkaldy’s principle, used by himself. In¬ 
cidentally he described a number of other testing-machines, 
including the Emery machine at the United States Arsenal 
at Watertown, Fairbanks’ machine, and others. The three 
machines first named were compared in some detail in respect 
to their accuracy, mode of applying load, methods of making 
observations, adaptability for varied experiments, simplicity, 
and accessibility, and the comparative advantages and dis¬ 
advantages of each were discussed, the author preferring, on the 
whole, the Greenwood type. The method of testing employed 
by the author, with pump, accumulator, and Davy motor, was 
then described and illustrated, 

Different apparatus for the measurement of minute extensions, 
compressions, &c., occurring below the limit of elasticity, were 
next discussed, the instruments specially mentioned being those 
of Prof. Unwin, Prof. Bauschinger, Mr. Stromeyer, and the 
author, as representing micrometric, optical, and mechanical 
exaggeration of strains. Automatic test-recording apparatus 
was next dealt with, Prof. Unwin’s, Mr. Wicksteed’s, Mr. 
Ashcroft’s, and the author’s diagramming machines being men¬ 
tioned and illustrated. Automatic diagramming apparatus for 
elastic strains was next discussed. The paper contained fac¬ 
similes of various diagrams, both ordinary and elastic. In con¬ 
cluding this section of the paper, brief references were made to 
machines for transverse tests, torsionai tests, shearing tests, 
cement and wire tests, secular experiments, experiments on 
repeated loads, &c. 

In discussing the design of an experimental engine for labora¬ 
tory purposes, the author first enumerated the principal con¬ 
ditions under which such an engine should be capable of 
working, summarising them thus :—(1) Condensing or non¬ 
condensing ; (2) simple or compound ; (3) compound, with 
cranks at various angles ; (4) with the greatest possible variation 
of steam-pressure ; (5) with the greatest possible variation of 
cut-off and other points in the steam distribution ; (6) with 
the greatest possible variation of brake-power; (7) with 
considerable variation in speed; (8) with or without 

throttling; (9) with or without jackets, and with vary¬ 
ing conditions as to their use ; (so) with variation of clearance- 
spaces ; (11) with variation of receiver-volume ; (12) with or 
without arrangements for intermediate heating ; (13) with varia¬ 
tion in the reciprocating masses. He then enumerated the 
principal quantities which had to be measured during an engine- 
test. making remarks upon each important point in passing. A 
list was given of the principal experimental engines in existence, 


including those in London, Birmingham, Leeds, Munich, and 
Liege. This section was concluded by a description of the 
arrangement of an experimental boiler. 

Under the head of friction-experiments, the principal points 
were summarised upon which experiments were required, in 
order that anything like a complete theory of friction in machines 
might be worked out. These included the variations of velocity, 
intensity of pressure, extent of contact, temperature, lubricant, 
method of lubrication, and nature of rubbing material. Fric¬ 
tion-measuring machines, used or proposed by Prof. Thurston, 
Prof. R. H. Smith, Mr. Tower, and himself, were briefly 
described. -The paper concluded with a few remarks on 
laboratory experiments connected with hydraulic work, the 
theory of structures, the form and efficiency of cutting-tools, the 
efficiency of machines and of transmissions, the action and 
efficiency of pumps and valves, and the resistance of vessels and 
propellers. 

In an appendix there were added :— (a) Forms used by the 
author for conducting engine-trials. ( 1 ) Notes on the principal 
engineering laboratories in Europe and in America, with brief 
accounts of the chief apparatus used in each. 


BIRDS' NESTS AND EGGS 1 

'T'HB philosophy of birds’nests and eggs involves questions far 
too profound to be settled in an hour’s lecture. The 
extreme partisans of one school regard birds as organic auto¬ 
mata. They take a Calvinistic view of bird-life : they assume 
that the hedge-sparrow lays a blue egg because, under the stem 
law of protective selection, every hedge-sparrow’s egg that was 
not blue was tried in the high court of Evolution, under the 
clause relative to the survival of the fittest, and condemned, a 
hungry magpie or crow being the executioner. The extreme 
partisans Of the other school take an entirely opposite view. 
They regard the little hedge-sparrow, not only as a free agent, 
but as a highly intelligent one, who lays blue eggs because the 
inherited experience of many generations has convinced her 
that, everything considered, blue is the most suitable colour for 
eggs. 

Perhaps the first generalisation that the egg-collector is likely 
to make is the fact that birds that breed in holes lay white eggs. 
The sand-martin and the kingfisher, which lay their eggs at 
the end of a long burrow in a bank, as well as the owl and the 
woodpecker, which breed in holes in trees, all lay white eggs. 
The fact of the eggs being white, and consequently very con¬ 
spicuous, may have been the cause, the effect being that only 
those kingfishers which bred in holes survived in the struggle for 
existence against the marauding magpie. But the converse 
argument is equally intelligible. The fact that kingfishers breed 
in holes may have been the cause, and the whiteness of the eggs 
the effect; for why should Nature, who is generally so econo¬ 
mical, waste her colouring-matter on an egg which, being 
incubated in the dark, can never be seen ? The fact that many 
petrels and most puffins, which breed in holes, have traces of 
spots on their eggs, whilst their relations the auks and the gulls, 
who lay their eggs in open nests, nearly all lay highly-coloured 
eggs, suggests the theory that the former birds have compara¬ 
tively recently adopted the habit of breeding in holes, and that 
consequently the colour being no longer of use is gradually 
fading away. Hence, we assume that the colour of the egg is 
probably the effect of the nature of the locality in which it is 
laid. 

The second generalisation which the egg-collector is likely to 
make is the fact that so many of these birds which breed in holes 
are gorgeously coloured, such as kingfishers, parrots, bee-eaters, 
&c. The question naturally arises, Why is it so ? The advo¬ 
cates of protective selection reply, Because their gay plumage 
made them so conspicuous as they sat upon their nests, that 
those that did not breed in holes became the victims of the 
devouring hawk, exactly as the conspicuous white eggs were 
eaten by the marauding magpie. But the advocates of sexual 
selection say that ali birds are equally vain, and wear as fine 
clothes as Nature will let them, and that the kingfisher is able 
to dress as gorgeously as he does because he is prudent enough 
to breed in a hole safe from the prying eyes of the devouring 
hawk. The fact that many birds, such as the sand-martin and 

1 Abstract of a lecture delivered by Mr. H. Seebohm at the London 

Institution on December 20, 1886. 
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